Colomban de Vargas, et al.. Deep sequencing of amplified Prasinovirus and host green algal genes from an Indian Ocean transect reveals interacting trophic dependencies and new genotypes.
Summary 35
High-throughput sequencing of Prasinovirus DNA polymerase and host green algal 36 (Mamiellophyceae) ribosomal RNA genes was used to analyse the diversity and distribution 37 of these taxa over a ~10,000 km latitudinal section of the Indian Ocean. New viral and host 38 groups were identified among the different trophic conditions observed, and highlighted that 39 although unknown prasinoviruses are diverse, the cosmopolitan algal genera Bathycoccus, 40
Micromonas and Ostreococcus represent a large proportion of the host diversity. While 41
Prasinovirus communities were correlated to both the geography and the environment, 42 similar links were not found for host communities. Nevertheless, analysis of single 43 environmental variables showed that eutrophic conditions strongly influence the distributions 44 of both hosts and viruses. Moreover, these communities were not correlated, in their 45 composition or specific richness. These observations could result from antagonistic dynamics, 46 such as that illustrated in a prey-predator model, and/or because hosts might be under a 47
Introduction 51 52 Microbes are the most abundant organisms in the sea, where they shape the structure and 53 function of ecosystems (Azam et al., 1983 ), but they are still one order of magnitude less 54 abundant than microbe-infecting viruses (Suttle, 2005) . Viruses are thus important players in 55 microbial mortality and strongly influence biogeochemical cycles and the structure of host 56 communities (Proctor and Fuhrman, 1990 ; Gustavsen et al., 2014) . Marine microbes and their 57 associated viruses are thought to have high dispersal capacities because of their abundance, 58 referred to as the Mamiellophyceae (Marin and Melkonian, 2010 provided contrasting conditions well-suited for our objectives: (i) to describe the diversity of 87 prasinoviruses and Mamiellophyceae at a community scale using a culture-independent 88 sequencing approach; (ii) to disentangle the influence of the geographical and the 89 environmental variables; (iii) to determine whether or not host and viral communities are 90 correlated. We hypothesized that dispersal capacities of these communities are not limited 91 within this oceanic region, but that compositions are highly constrained by the environment. 92
Furthermore, Prasinovirus distribution might be strongly correlated to host communities, 93 because their own replication depends on the cellular machinery. (Table S2) .
Results and discussion
Uncultured prasinoviruses were very diverse. Although the Prasinovirus sequences are 119 available for the 11 samples, the data for Mamiellophyceae concern 6 samples from 4 stations 120 ( Figure 1 ). The sampling strategy is described in details as supplementary information for 121 methods, including the number of sequences, genotypes and OTUs (Tables S3 and S4 ). In 122 order to describe virus and host diversity of this oceanic region, phylogenetic reconstructions 123 to produce a clearer tree); and Table S6 ). Remarkably, a few related sequences were found in Prasinovirus genotypes were very rich in our dataset (particularly OTU7, OTU11, OTU15 153 and OTU39; Figure S2 ), the prediction of host identities was carried out. 154
First, a CCA highlighted that 2 Mamiellophyceae OTUs were correlated to the distribution of 155
Prasinovirus: OTU28 and OTU126 (p-value = 0.005). These 2 OTUs belong to the robust 156 clade described above using the phylogenetic analysis ( Figure 4) . A BLASTn search against 157 the NCBI nucleotide collection suggested that they are most similar to Crustomastix 158 stigmatica (Table S7) The distribution of communities is influenced mainly by trophic conditions. Given the 172 Prasinovirus diversity and/or an underestimation of host diversity. On one hand, since the 213 environmental diversity of prasinoviruses was not known, their phylogenetic limit was 214 defined arbitrarily by the Chlorovirus sister clade (see supplementary information for 215 methods). In addition, it is possible that the thresholds used to define virus and host OTUs did 216 not correspond to the taxonomic interaction and that not all were able to infect 217
Mamiellophyceae. On the other hand, some evidence suggests that host diversity is To conclude, Prasinovirus and Mamiellophyceae communities were compared in the West 243 part of the Indian Ocean, and the results suggest that trophic conditions influenced their 244 distribution. Until now, known Prasinovirus were characterized mainly in samples from 245 eutrophic waters, but here we showed that related communities also occur in nutrient-limited 246 waters and that unknown genotypes possibly infect Dolichomastigales. 247
In addition, geographic barriers seemed inexistent for viruses and hosts in this region, and 248 taxa represented in each sample probably arose from growth of adapted genotypes before 249 further dispersal. Our analysis also highlighted that host-virus interactions in natural 250 environments can be difficult to study because these partners may follow complex 251 antagonistic dynamics. Hence, future projects should focus on temporal analyses of specific 252 sites or using a unique sampling strategy that describes both viruses and hosts (e.g. cell 253 sorting using flow cytometry or sampling through 0.8 µm filters). 254
Finally, the link between Prasinovirus communities and the environment suggested the 255 presence of different propagation strategies, such as described for OtV2, a virus that infects 256 the low-light adapted Ostreococcus tauri strain and that contains specific genes certainly 257 Bellec, L., Clerissi, C., Edern, R., Foulon, E., Simon, N., Grimsley explained changes in the distribution of OTU). They were selected using a forward-selection 500 procedure associated to the canonical correspondence analysis. 501
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